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convention in Cheney, Washington, 528; August 
16-17, 1989, total lunar eclipse, 548; automobile 
observing adventures, 650; awards, 529; Baja ama- 
teur-professionai symposium, 423; casual vs. serious 
astronomy, 453, 454; conference in Italy, 201; 
European meetings, 201; geomagnetic measurements 
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O’Meara, 424; of Perseid fireballs, 193, 194; by Joe 
Shabram, 161; by Charles Piazzi Smyth, 158, 159; 
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Bioastronomy: comets and meteorites bringing life to 
Earth, 242; justifying SETI, 452; life under Mars’ 
surface, 461 


Black holes: see Collapsed objects 

Calendars: French Republican, 21 
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up, 462; neutron star, not black hole? 572; unseen 
companion of pulsar, 574; Vela pulsar and nebula, 
458 
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atmosphere, 242; sungrazers, 600; visual recovery of 
Halley, 525 
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343; homemade geomagnetic, 426; neutrino, 568 

Eclipses: Oppolzer’s Canon of, 475 

Lunar: August, 16-17, 1989, total, 182, 548; 
crater timings, 185 

Solar: Gemini Challenge, 149; January 24, 1925, 
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Education: after earning an astronomy degree, 236; 
astrology, 146; beware ‘‘department store’’ refrac- 
tors, 617; Horkheimer’s ‘‘Star Hustler,’ 87; Interna- 
tional Space University, 4, 351; in Malaysia, 342; 
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Interacting: Cartwheel, 570; hydrogen ring 
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Local Group (see also Milky Way): first sighting 
of M31 (Andromeda), 243; M31, 443, 503; members 
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Gamma-ray astronomy: SN 1987A emission, 455 
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image resolution, 456, 571 

Infrared astronomy: Neptune’s cloud features, 462 

Interferometry: analogous method for visible-light tele- 
scopes, 456 

Interplanetary matter: detecting changes in, 151; zodia- 
cal light seen from Copenhagen, 126 

Interstellar matter: Milky Way’s jet, 127 

Laboratory astrophysics: energy of supernova blasts, 
567 

Light pollution: amateur-built shield, 593; hazards of, 
175; successes fighting, 87 

Meteorites: bringing life to Earth, 242; organic material 
in samples from Mars, 461; Praha basin as crater? 
125; stripping atmosphere of Mars, 242 


Meteors: computing shower maxima, 195; curved 
paths, 126; fireballs of August 18, 1783, and August 
10, 1972, 192, 453; long-term trends of shower peak 
activity, 195; ‘‘meteor-burst communication,’ 245; 
Perseids, 155, 180, 192; radar observations, 244 


Millimeter and submillimeter astronomy: Owens Valley 
Observatory upgraded, 128 


Molecular clouds: plotting the Milky Way’s spiral 
arms, 127 

Molecules: arsine in Jupiter’s atmosphere, 133 

Moon: ‘‘Blue Moons’’ through the year 2000, 565; 
calculating rise and set, 78; craters named for 
Challenger astronauts, 237; finding Tranquillity 
Base, 84; influence on human behavior? 340; lunar 
transient phenomena, 461; tides, 405; young-Moon 
sightings, 322 

Nebulae: 

Bright: Cepheus A, 239; IC 59, 371; 1C 63, 371; 
M1, 438; M42-43, 438; NGC 281, 371; NGC 1432, 
437; NGC 1435, 437; NGC 1788, 437; NGC 1931, 
437; NGC 1973, 438; NGC 1975, 438; NGC 1977, 
438; NGC 2023, 438; NGC 2024, 438; NGC 2237, 
439; NGC3576 and NGC 3603, 144; observer’s 
guide to, 437; Vela, 458 

Dark: and E. E. Barnard, 374 

Planetary: Calabash nebula, 131; Fleming 3, 116; 
IC 1747, 372; M57 (Ring), 227; new type with faint, 
massive halos, 132; NGC 6369, 116; NGC 6543, 132; 
Southern Crab, 571; and symbiotic stars, 570; from 
white dwarf star? 131 

Neutrino astronomy: solar rate discrepancy, 568; super- 
nova blasts, 567 

Neutron stars: see Collapsed objects 

Novae: Nova Scorpii 1989, 550; V404 Cygni’s possible 
black-hole companion, 460 

Observatories (amateur and public): Doane, 257; Na- 
tional Public, 87; Nevado Ojos del Salado, 366; 
portable observatory review, 480; Wagman, 199; 
Warren Rupp, 200 

Observatories (professional): in Antarctica, 457, 471; 
European Southern, 249; Inter-University Centre for 
Astronomy and Astrophysics, India, 8; Michigan- 
Dartmouth-MIT, 8; Mount Graham controversy, 5; 
National Radio Astronomy Observatory, 247, 575; 
Owens Valley upgraded, 128; Paris, 21; Pulkovo, 
352; Uruguay bicentennial, 565; USNO Black Birch 
Station, 9; Whitin, 306; world’s oldest? 241 

Observing techniques: dichotomy of Venus, 399; faint 
galaxy cluster, 670; lunar eclipse, 182; satellites of 
Saturn, Uranus, and Neptune, 67; Starframe kit, 
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260; viewing naked-eye sunspots with filter, 289; 
oung-Moon sightings, 322 

Occultations: July 3, !989, of 28 Sagittarii, by Saturn 
and rings, 259; July 27, 1989, lunar, of Pleiades, 64; 
during August 16-17, 1989, total lunar eclipse, 187; 
November 24, 1989, of Comet Okazaki-Levy- 
Rudenko, by Moon, 510 


On-line data bases and communications (see al-o Com- 
puting): communicating astronomical news via com- 
puter, 548 

Optics: active optics, 249; beware ‘‘department store’’ 
refractors, 617; books on, 316; comparison of 
8-inch Schmidt-Cassegrains, 576; fiber optics for 
multiple-object spectrographs, 569; for Hubble 
Space Telescope, 31; problems of commercially 
made, 564; in 60-mm refractors, 454 


Organizations; American Association of Variable Star 


Observers, 130; Astronomical League, 528; Astro 
nomical Society of the Pacific centennial, 135; 
Astronomy Study Unit of the American Topical 
Association, 129; French Association of Astronomy, 
366; International Dark-Sky Association, 87 


353; Avienus, R. F., 
243; Balanovskii, |. A., 354; Brunier, S., 366; 
Collins, P., 529; Dneprovskii, N. L., ; Dobson, 
J., 530; Eropkin, D. I., 353; Evans, R. O., 85; 
Fang, L., 240; Gaze, V. F., 355; Gerasimovich, B 
P., 352; Herschel, W., 453; Hirschfeld, K., 529; 
Horkheimer, J., 87, 237; Hubble, E. P., 462; 
Komendantov, N. V., 354; Kozlov, V. I., 355; 
Kozyrev, N. A., 352; Idel’son, N. Ingalls, 
A. G., 101; Ivanov, N. L, 355; Leman-Bala 
novskaya, |. N., 357; Mel’nikov, O. A., 355; 
Metcalf, J. H., 341, 435; Musselius, M. M., 355; 
Norton, A. P., 489; Numerov, B. V., 354; Op- 
polzer, T., 475; Parker, D., 529; Perepelkin, E. Ya., 
355; Postoev, A. I., 353; Selivanov, S. M., 355; 
Shain, G. A., 356; Shcheglov, V. P., 355; Smyth, 
C. Piazzi, 158; Surovtsev, V. E., 355; Texereau, J., 
101; Van Cullen-White, S., 305; Voronov, N. M., 
353; Wilson, R., 252; Wooten, M. E., 529; Wright, 
F. W., 460; Yashnov, P. I., 354 


Photography: deep-sky without guiding, 538; digitizing 
Palomar Schmidt plates, 583; enhanced-color astro- 
photography, 216; history of, 124; improving color 
prints, 326; project to make deep-sky catalogue, 
109; simple sky photography, 152; small CCD 
camera, 365; star guider for, 37 


Neptune: influence on Planet X, 596; new moons, 
358, 468; rings, 351, 358, 469; spots, 135, 

462; Triton, 358, 454, 466, 575; viewing satellites of, 
67; Voyager 2 at, 26, 135, 358, 462, 463, 575; wind 
speeds, 462 

Pluto: atmosphere, 346; chaotic motion, 140; 
mapping surface, 347; mutual events with Charon, 
347; observations with Hubble Space Telescope, 
348; perihelion, 287, 346 

Saturn: Hyperion’s chaotic motion, 138; occul- 
tation of 28 Sagittarii, 259, 360; viewing satellites of, 
67; Voyager findings, 16; white spots, 141; youth of 
rings, 10 

Uranus: influence on Planet X, 596; seeing naked- 
eye, 66; viewing satellites of, 67; Voyager findings, 
16 

Venus: dichotomy, 399; ice crystals in upper 
atmosphere, 13; topography, 345 
Pulsars: see Collapsed objects 
Quasars: bridge with galaxy? 349; hints of central 
accretion disk, 567; similar spectra, 567; 3C 232, 349 


Radar astronomy: topography of Venus, 345; watching 
meteors, 244 


Radio astronomy: from Antarctica, 471; heliosphere 
studies, 151; Leo intergalactic hydrogen ring, 8; 
listening to Jupiter emissions, 628; replacement for 
Green Bank telescope funded, 247 

Relativity: precession of eclipsing binary, 14 

Science policy: diminished funding for astronomy, 244, 
575; international Antarctic observatory, 457 

Solar system: search for Planet X, 596 


Space-based astronomy: observers selected for Hubble 
Space Telescope, 247; of Pluto with HST, 348; 
Smaii Expiorer satellite program, 134; from Space 
Station Freedom, 342 

Spacecraft: Advanced X-ray Astrophysics Facility, 350; 
Apollo 11, 24; Astron, 247; as cause for flash seen 
on Moon? 461; Cosmic Background Explorer, 247; 
Galileo, 15, 575; Hipparcos, 130, 351, 462; Hubble 
Space Telescope, 15, 31, 247, 348, 583, 575; Land- 
sat, 134; Magellan, 39; Small Explorers, 134; Solar 
Maximum Mission satellite, 135, 575, 600; Space 
Shuttle Endeavour, 

462, 463, 575 
Space policy: future Soviet missions, 351 
Star clusters: 


modeling an eclipsing binary star’s light curve, 410; 
U Orionis, 513 

Sun: analemma, 237; eye safety when observing, 207, 
289; finding north on, 291; June solstice enters 
Taurus, 641; largest solar flare? 351; low neutrino 
rate, 568; observations by Solar Max, 600; probing 
heliosphere, 151; rising activity, 135; star of same 
spectral type, 240; sunspot quality, 238; viewing 
naked-eye sunspots with filter, 289; X-ray image of, 
603 

Sundials: ai Castle Howard, 299 


Supernovae: Caracalla’s star of A.D. 185 on Roman 
coin, 243; causing ‘‘galactic cannonballs,’ 246; Crab 
remnant fading, 341; gamma rays from, 455; light 
echoes of Supernova 1987A, 15; nucleosynthesis in, 
344; Puppis A, 130; rate of in Milky Way, 567; 
rejuvenated remnant CTB 80, 350; search aid, 155; 
SN 1987A, 344, 455; types, 574; youngest in Milky 
Way, 348 


Telescope making: ‘‘armillary’’ mounting, 592; best 


ideas of 1989, 591; books on optics, 316; computer 
magnetic disks as Dobsonian bearings, 594; control- 
ling temperature in a hypering tank, 658; crutch 
tripod, 103; Daley solar telescope, 593; ‘‘dream’”’ 
binocular mounting, 593; electric focusing mecha- 
nisms, 317; fiber-composite tubes, 594; ‘‘ideal’’ 
backyard telescope, 313; light-pollution shield, 593; 
off-axis Herschelian, 592; 100 x 500 binoculars, 592; 
patents, 5; precise polar alignment, 538; problems 
of commercially made optics, 564; recharging a gel 
cell, 97; review of refractors, 419; scaling up a 
schiefspiegler, 102; sector-arm drive without gear 
teeth, 100; stepper motors, 316; Sun-only telescope, 
207; trend of long-focus Newtonians? 647; ultra- 
accurate tracking drive, 538; unobstructed Newto- 
nian, 594 


Telescopes (amateur): Arbour’s 16-inch reflector, 538; 


Benesch’s Daley solar telescope, 593; comparison of 
8-inch Schmidt-Cassegrains, 576; Doane Observa- 
tory’s 20-inch reflector, 257; Gamble’s 8-inch reflec- 
tor, 313; Jones’ 6-inch off-axis Herschelian, 592; 
Leathead’s 10-inch planetary Newtonian, 647; Ma- 
chin’s 16°/s-inch Newtonian, 647; Mathews’ 6-inch 
Sun-only reflector, 207; McAllister’s 20-inch Dob- 
sonian, 648; Sasian’s 6-inch unobstructed Newto- 
nian, 594; Schebor’s 10-inch Newtonian, 647; Sud- 
ing’s 100x 500 binoculars, 592; 32-inch Dobsonian 
reflector, 591; Warren Rupp Observatory’s 31-inch 
reflector, 200 


Physics: accelerators producing Z” particles, 459, 575; Cote: Mi, 30, G8, NOCEH, 115; Telescopes (professional): active-optics camera, 12; 


chaos and, 136; new standard measurements for 


1990, 575; only three types of matter, 575; super 
nova blasts, 567 
Planetariums: Adler, 257; Armagh, 255; Fiske, 255; 
Hansen, 258; Jacksonville Museum of Science and 
History, 256; Kuala Lumpur and Kuching, 342; 
McDonnell Star Theater, 258; new advances in 255; 
Science North, 258; Virginia Living Museum, 256; 
Yokohama Science Center, 258 
Planets and their satellites: 
Earth (see also Moon): impactors bringing life, 
242; slowing rotation, 246 
Jupiter: arsenic in atmosphere, 133; belt vanishes, 
351, 396, S08, 640; calculating longitude, 640; 
Galilean satellite events, 626; listening to radio 
emissions, 628; Red Spot darkens, 508; Voyager 
findings, 16 
Mars: impactors removing atmosphere, 242; Inter- 
national Mars Patrol observations, 200; life under 
surface? 461; photo-visual observations, 200 
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NGC 6535, 116; NGC 6539, 116 

Open: M35, 676; M36, 675; M37, 675; M38, 675; 
M39, 331; M103, 372; NGC 457, 371; NGC 654, 
372; NGC 659, 372; NGC 663, 372; NGC 1708, 331; 
NGC 2185, 676; NGC 7128, 332; NGC 7394, 331; 
NGC 7772, 555; Pleiades, 238; Stephen 1, 228; 
Trumpler 1, 372 


Stars: birth of fast-spinning, 239; brown dwarfs, 15, 


462, 482; farthest out of plane of Milky Way, 11; 
formation, 239; low-mass, 7; most distant in Milky 
Way, 573; planets immersed in red giants, 6; radial 
velocity, 263 

Double and multiple: Eta Cassiopeiae, 370; Upsi- 
lon’ and Upsilon” Cassiopeiae, 371; symbiotic, 570 

Individual: Epsilon Canis Majoris, 126; Alpha 
Cassiopeiae, 370; Gamma Cassiopeiae, 371; Delta 
Cassiopeiae, 371; Epsilon Cassiopeiae, 372; twin for 
the Sun, 240 

Variable: R Arietis, 401; AS Camelopardalis, 14; 
Omicron Ceti (Mira), 400; changing color, 629; 
flashing, 133; HD 38451, 629; DI Herculis, 14; 


closure of NRAO 12-meter radio telescope, £75; 
collapse of Green Bank 300 ‘oot, 11; Hiltner (2.4- 
meter), 8; Indian radio telescope trio, 151; lidar 
facility, 129; New Technology Telescope (3.6-meter), 
249; new telescope for Green Bank, 247; Ohio State 
University’s Big Ear, 135; vandalism at Kitt Peak 
and Steward observatories, 135; Very Large (16- 
meter), 351; Whitin Observatory’s 12-inch refractor, 
306; Wyeth (61-inch) reflector, 264; Wyoming Infra- 
red (92-inch), 345 


Timekeeping: Earth’s slowing rotation, 246; leap sec- 


ond, 575 


Ultraviolet astronomy: images of M13 and MS1, 459; 


solar prominence, 601 


Vision: calculating limiting magnitude of telescopes, 


$22; China’s Great Wall from space, 457; seeing 
stars naked-eye in daylight, 237; visual recovery of 
Comet Halley, 525 


X-ray astronomy: burst from black-hole candidate, 460; 


image of Sun, 603 











